There is no published study that examines oxygenation of anaesthetised patients during transport from anaesthesia induction room to operating room. Arterial oxygen saturation (Sao]) was measured in twenty-five anaesthetised patients before and during transfer to an adjacent operating room and continuously recorded on a calibrated chart recorder. A telemetry ECG recorder was used to detect cardiac dysrhythmias. All anaesthetists followed their usual anaesthetic practice. Patients ventilated via face-mask and via endotracheal tube were studied. During transfer patients were either apnoeic (n = 8) or breathing room air spontaneously (n = 17). Mean Sa02 before induction was 95.4 (SD 2.5)%, was higher after induction of anaesthesia, 98.5 (SD 1.4)% andfell after transfer, 95.7 (SD 2.6)%. Afall in Sa02 was recordedfor 21 patients. No Sa02 value below 90% was seen. The decrease in Sa02 was related to the time taken to transfer the patients and spontaneous ventilation (Multiple regression analysis); it was not related to the body mass index although two of the greatest decreases were seen in obese patients. Transfer time averaged 51 seconds (range: 24-97 s). No changes in cardiac rhythm were seen. Transfer of anaesthetised patients was accompanied by variable falls in Sa02 which related to duration of transfer and spontaneous breathing of room air and which were not associated with new dysrhythmias.
portable ventilation equipment, and patient monitoring is minimal. Spontaneouslybreathing patients usually inspire room air during this period. Accordingly, the use of induction rooms is usually reserved for those patients without cardiovascular instability or significant respiratory compromise. However, the recent study by Tyler et af. 2 suggested that there may be some patients at risk who are otherwise considered healthy. Hence, in this complimentary study, continuous monitoring of arterial oxygen saturation was undertaken during the period when patients were moved from the anaesthesia induction room to the adjacent operating room, to determine the incidence and degree of hypoxaemia. Twolead electrocardiography was also used to detect cardiac dysrhythmias occurring during transfer. METHODS Twenty-five adult patients presenting for elective surgical procedures were studied. All were visited on the evening prior to surgery and assigned a physical status according to the standard of the American Society of Anesthesiologists (ASA). 6 Patients considered to be ASA physical status 4 or greater were excluded from study. Height, weight, and smoking history were recorded for every patient. Body mass index (BMI) was calculated for every patient according to the formula: BMI = weight (kg)/height 2 (m). Obesity was defined as BMI exceeding 25. Premedication, choice of anaesthetic agents, and style of anaesthesia induction were at the discretion of the anaesthetist caring for the patient. Since the incidence of hypoxaemia during routine conditions was under investigation, anaesthetists were asked not to alter their routine practices. Only anaesthesia specialists participated in the study. The authors of this investigation did not participate in the administration of the anaesthetics. Patients were studied at random over a three-month period.
Upon arrival at the induction room, a blood pressure cuff was applied and routine 3-lead electrocardiographic (ECG) monitoring commenced. An indwelling intravenous catheter was inserted and an infusion of Hartmann's solution commenced. Two additional ECG electrodes were placed on the Anaesthesia and Intensive Care. Vo/. 16. No. 2, May, 1988 chest for recording a modified lead CS5 7 using a Spacelabs 701 telemetry electrocardiograph (Spacelabs Inc., Chatsworth, California). A continuous graphic recording of the ECG was made on an MFE-1400 4-channel chart recorder (M,F.E. Corporation, Salem, N.H.), Paper speed was 10 mm/second. Before induction of anaesthesia, the probe of an Ohmeda Biox 3700 pulse oximeter (Ohmeda, Boulder, Colorado) was attached to a finger on the contralateral side to the blood pressure cuff. The fast-response mode of the oximeter was used. Arterial oxygen saturation Sa02 was continuously recorded throughout the induction-transfer period on the same chart recorder. The analogue signal from the pulse oximeter was transmitted through a 10-metre cable to the chart recorder. The Sa02 chart recording system was calibrated daily using the 2-point calibration procedure recommended by Ohmeda. 8 Induction of anaesthesia was accomplished in all patients with intravenous thiopentone sodium 4-6 mg/kg. Patients were then ventilated manually via mask and Bain circuit, using high fresh gas flows. Endotracheal intubation was performed in six patients and was facilitated with intravenous suxamethonium 1.2-1.7 mg/kg. In general, anaesthesia was maintained with a mixture of oxygen and nitrous oxide (FI02 range of 0.3 to 0.4) and either halothane or enflurane delivered by a 'Tec' vapouriser. Nitrous oxide was not administered to two patients, and no volatile agent was administered to one patient. Supplemental fentanyl was administered to two patients prior to transfer. Non-depolarising neuromuscular blockers were administered to two patients, and return of spontaneous ventilation occurred in eight patients prior to transfer. In one patient, nitrous oxide delivery was terminated for 30 seconds prior to transfer. When depth of anaesthesia was considered adequate, transport of the patient proceeded. directed by the anaesthetist, with hospital orderlies providing assistance. No special directives were given to orderlies to encourage a more rapid transfer.
The transfer period for 24 patients was recorded manually by stopwatch. Transfer time was defined as the interval between disconnection of patient from the breathing circuit in the induction room, to resumption of ventilation via the anaesthesia machine in the operating room. Hypoxaemia was defined as Sa02 of 90% or less, which approximates a Pa02 of 58 mmHg (using Nunn's nomogram, assuming normal acid-base status and normal oxygen-haemoglobin affinity).
RESULTS
Seven women and eighteen men with an average age of 55 years (range: 18-86) were studied. Demographic and Sa02 data for all 25 patients are shown in Table 1 ; mean Sa02 values and standard deviations are included.
The data indicate that, as expected, administration of supplemental oxygen during induction of anaesthesia produced an increase in Sa02. The mean increase in Sa02 was approximately 3%. Transfer time averaged 51 seconds (ra~~e: 24-97 s). During the transfer, a fall in Sa02 was recorded for 21 patients. Sa02 fell by 6% or more in 5 patients, with one patient's Sa02 falling by 10%. A posttransfer Sa02 of 90% was seen in two patients and no saturations below 90% were recorded during transfer. There were no apparent postoperative complications in the study population.
Regression analysis showed no relationship between fall in Sa02 during transfer and the individual variables: age, sex, BMI, cigarette smoking, transfer time, and ventilatory status (apnoea or spontaneous respiration) during transfer. However, multiple regression analysis revealed that fall in Sa02 was significantly (P < 0.05) related to transfer time (t = 4.7), smoking history (t = -2.6), and ventilatory status during transfer (t = 1.9). These three variables accounted for 64% of the variation of the fall in Sa02. Sa02 values below 90% were recorded for two patients during induction of anaesthesia. While this period does not fall within the transfer interval under study, these results deserve mention. A value of74% was recorded in patient no. 8 who was induced by a solo operator without the benefit of preoxygenation. The interval between the onset of thiopentone-induced apnoea and endotracheal intubation was just under one minute. A Sa02 of 88% was seen in patient no. 13 during endotracheal intubation. In this instance, the procedure was considered only slightly more difficult than usual and was also accomplished within one minute.
Pre-induction cardiac dysrhythmias were noted in only three patients and included atrial fibrillation, multifocal ventricular ectopy, and premature atrial ectopy. During the transfer period, cardiac rhythm did not alter in any patient. In addition, no ST -segment changes in ECG recordings were seen.
DISCUSSION
The findings of this study confirm that desaturation is common in anaesthetised patients who are apnoeic or breathing room air. However, the decreases in Sa02 were modest and were not accompanied by changes in cardiac rhythm or with postoperative complications. The major factors that correlated with fall in Sa02 were transfer time, ventilatory status during transfer, and smoking history. It is no surprise that larger falls in Sa02 were associated with longer transfer times and spontaneous respiration. However, in our study sample, smokers had smaller falls in Sa02 than non-smokers. This unexpected finding may represent a bias in selection of subjects for study: cigarette smokers may have been more closely questioned for symptoms of cardiorespiratory disease and therefore selectively excluded from study. Of the five patients who experienced the largest falls in Sa02, two were obese (patients 11 and 16), one had metastatic bladder carcinoma without lung involvement (patient 23), one had type-l diabetes mellitus (patient 21) and one (patient 18) experienced a long transfer time. However, it was not possible to predict which patients would show significant desaturation during transfer. Cardiac dysrhythmias are not infrequent during laryngoscopy and endotracheal intubation. Our data suggest that the transfer period itself is not associated with dysrhythmias. The CS5 lead will not detect all ischaemic episodes in anaesthetised patients. Because of the inherent limitations of a onelead ECG system 9 we can only speculate that myocardial ischaemia was unlikely during our study.
Pulse oximetry provides a convenient noninvasive method for monitoring Sa02 in anaesthetised patients during transfer. The technique has been reviewed previouslylO-18 and found to be reliable in the Sa02 range of 70-100%. Pulse oximetry replaces an earlier, and invasive, technique of continuous intraarterial oxygen monitoring. 19 Because of the occasional and unpredictable hypoxaemia observed in our study, and the potential for hypoxaemia to be associated with other complications, e.g. cardiac dysrhythmias, our results support the routine use of pulse oximeters. Incidental data from our study lend support to one other investigator 20 who concluded that hypoxaemia is not a rare event in the peri-induction period. Certainly, noninvasive pulse oximetry added a further element of safety to our practice. Finally, in the United States a study group with representatives from anaesthesia and industry, the Anesthesia Safety Consortium, recently made recommendations designed to reduce the incidence of episodes of hypoxaemia. 21 Suggestions included ' ... a means for the measurement of the patient's oxygenation'. While there are still some technicallimitations 22 . 27 the pulse oximeter, in general, would appear to be the monitor of choice to comply with this recommendation.
